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Indian Standard
ELECTROTECHNICAL
PART Section

VOCABULARY

III ACOUSTICS I Physical Acoustics

0.

FOREWORD

0.1 This Indian Standard (Part III/Set 1) was adopted by the Indian Standards Institution on 24 April 1965, after the draft finalized by the Electrotechnical Standards Sectional Committee, in consultation with the Acoustics Sectional Committee had been approved by the Eleckotechnical Division Council.

0.2 It has not been found possible to prepare the electrotechnical vocabulary as a complete volume which is,, therefore, being issued in several Other parts so far pubhshed are: parts each having one or more sections. IS: 1885(Part I)-1961 Electrotechnical mental definitions IS : 1885(Part II)-1961 Electrotechnical and transformers vocabulary: vocabulary: Part I FundaPart II Machines Part IV

*IS: 1885(Part IV/Set l)-1965 Electrotechnical vocabulary: Electron tubes and valves, Section 1 Receiting valves )IS:

lSSS(Patt IV/Set 2)-1965 Electrotechnical vocabulary: Part IV Electron tubes and valves, Section 2 X-ray tue IS: 1885(Part V)-1965 Electrotechnical vocabulary: Part V Quartz crystals IS : 1885(Part VI)-1965 Electrotechnical vocabulary: Part VI Printed circuits IS : 1885(Part VII)-1965 Electrotechnical vocabulary: Part VII Semiconductor devices IS : 1885(Part VIII)-1965 Electrotechnical Secondary cells and batteries vocabulary: Part VIII

0.3 In view of large number of aspects of acoustics including electro acoustics to be covered, it has been decided to prepare this part in a number of sections. This section deals with phy$cal acoustics.

*sincerevised.
' ,,
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has been derived from the following while preparing this

IEC Pub 50(08) Electra-acoustics. International Electrotechnical Com@ssion. B.S.661: 1955 Glossary of acoustical terms. British Standards Institution. S-1.1-1960 Acoustical Terminology (including technical shock and vibration). American Standards Association.

-1. SCOPE 1.1 This section of Part III acoustics of IS: 1885*, covers terms relating to physical acoustics. 2. GENERAL 2.1 Sound a) Disturbance in a material medium capable of exciting the sensation of hearing.
NOTE 1 -By extension, the term sound is sometimes applied to any disturbance, irrespective of frequency in a material medium. NOTE 2 - Disturbance is any change of a physical quantity from its equilibrium position.

b) Sensation of hearing caused by a disturbance in a material medium. 2.2 Acoustics Science of sound. 2.8 Acoustic - An adjective derived from ` acoustics `, used to qualify a term when it has properties or characteristics associated with sound waves.
NOTE-The following examples have the properties or characteristics associated with sound waves and hence would take acoustic: impedance, inertance, load (radiation field), output (sound power), evergy, wave, medium, signal, conduit, absorptivity, transducer.

Acoustical - An adjective derived from ` acoustics `, used to qualify a term when it does not itself have the properties or characteristics associated with sound waves. NOTE1 -The following examples do not have the requisite physical charac2.4 teristics and therefore take acoustical: society, method, engineer, school, glossary, symbol problem, measurement, point of view, end-use, device. NOTE 2 - The use of adjectives acoustic and acoustical are analogous to those of the adjectives electric and electrical. vocabulary. 4

'
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used to convey to be conveyed

information. over a communication system.

An adjective used to refer to speeds of sound in air.

NOTE - Supersonicand subsonic are terms used to denote speeds above and of sound.

2.7 Periodic Quantity - A quantity which is reproduced identically at equal intervals of the independent variable (time, space, etc) [see 3.24 of IS: 1885(Part I)-19611 2.8 Aperiodic Quantity without oscillations. A quantity approaching steady condition

2.9 Simple Harmonic, Quantity soidal function of time.

A periodic quantity that is a sinu-

2.10 Period (of a Periodic Quantity) - The minimum interval of the independent variable after which the same characteristics of the periodic quantity recur [see 3.23 of IS: 1885(Part I)-19611. complete range of states or 2.11 Cycle (of a Periodic Quantity) -The values through which the periodic quantity passes before repeating itself identically [see 3.6 of .IS: 1885(Part I)-19611. 2.12 Frequency (of a Periodic [see 3.11 of IS: 1885(Part I)-19611. Quantity) Reciprocal of period

2.13 Fundamental Frequency (of a Periodic Quantity) - The frequency of a sinusoidal quantity which has the same period as the periodic quantity. 2.14 Harmonic (of a Periodic Quantity) - A sinusoidal component having a frequency which is an integral multiple of the fundamental frequency of a periodic quantity.
NOTE - In physics and electrical engineering the nth harmonic implies a frequency equal to ta times the fundamental frequency. In music the nth harmtic usually implies a frequency equal to (n+l) times the fundamental frequency.

2.15 Sub-harmonic (of a Periodic Quanti.ty) - A sinusoidal corn& nent having a frequency which is an integral submultiple of the fundamental frequency of a periodic quantity. 2.16 Basic Frequency (of a Periodic Quantity having SinusoidaI Components with Different Frequencies) - The frequency of the component considered the most important.
NOTE-In a driven system, the basic frkquency would in general be the driving frequency, and in a periodic oscillatory system, it would be the fundame+ frequency. 5
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2.17 Angular (ok Circular) Frequency (of a Periodic Quantity) The product of the frequency of the periodic quantity and the factor 2x [see 3.3 of IS: 1885(Part I)-19611. 2.18 Peak Value (of a Periodic Quantity) - The maximum numerical value attained by the varying quantity with respect to a reference value in a period [see 3.22 of IS: 1885(Part I)-19611.
NOTE -Modifying phrases, such as velocity, acceleration may be sufficed to the term to indicate specified characteristic of the periodic quantity, for example, peak velocity, peak acceleration etc.

2.19 Peak-to-Peak Value of a Periodic Quantity-The algebraic difference between the extreme values of the varying quantity over a cycle [see 3.35 of IS: 1885(Part I)-19611. 2.20 RMS (Effective) Value of a Periodic Quantity - The square root of the mean of the squares of the instantaneous values of the quantity during a complete period [see 3.30 of IS: 1885(Part I)-19611. 2.21 Amplitude of Simple Harmonic ,Quantity - The maximum variation from the equilibrium position of the varying quantity. 2.22 Phase of a Periodic Quantity-At any instant the fraction of the whole period which has elapsed up to that instant ; the instant from which the time is reckoned being understood or specified [see 3.26 of IS: 1885 (Part I)-19611. periodic variation in the amplitude of an oscillation 2.23 Beats -A resulting from the combination of two oscillations of slightly different frequencies.
NOTE - The beat occurs at a rate equal to the difference of the two frequencies, known as beat frequencies.

2.24 Oscillation-The variation of any parameter with time in such a manner that it is alternately greater and smaller than its equilibrium value. oscillation in which the varying parameter. refers 2.25 Vibration -An to the motion of a mechanical system. 2.26 Simple Harmonic Oscillation (or Vibration) - An oscillation (or vibration) in which the varying parameter is a sinusoidal function of time. 2.27 Simple Harmonic Motion - A motion in which the displacement is a sinusoidal function of time. 2.28 Audio Frequency - Any frequency corresponding to a normally audible sound wave.
NOTE 1 - The term audio may be used as an adjective to indicate a device or `system intended to operate at audio frequencies, for example audio amplifier. `NOTE 2 -Audio frequencies range roughly from 30 c/s to 30 kc/s.

,
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IS: 1885 (Part III/Set 1) - 1965 2.29 Ultrasonic Frequency - A frequency above the upper limit of the audio frequency range.
NOTE or system The term ultrasonic may be used as an adjective intended to operate at an ultrasonic frequency. to indicate a device

2.30 Infrasonic Frequency - A frequency below the lower limit of the audio frequency range.
NOTE -The term infrasonic may be used as an adjective or system intended to operate at an infrasonic frequency. to indicate a device

2.31 Noise a) Any disagreeable or undesired sound. b) A class of sounds, generally of a random nature, which do not exhibit clearly defined frequency components. 2.32 Random Noise - Sound whose instantaneous magnitudes cannot be specified for any given instant of time.
NOTE - The instantaneous magnitudes by probability distribution functions. of a random noise can be specified only

2.33 White Noise - Sound whose spectrum is continuous over a specified frequency range.

and uniform

2.34 Ambient Noise - Noise prevailing in a given environment. 2.35 System Noise-Noise inherent in a system used for production, detection measurement or recording of a signal, and which is independent of the signal. 2.36 Background Noise - Sum total of the ambient noise picked. up by a system and the system noise. 2.37 Sound Spectrum - Representation of magnitudes (and sometimes of phase) of the component of a complex sound arranged as a function of frequency. 2.38 Spectrum Density at a Frequency-Limiting value of the ratio of the mean square amplitude of the varying parameter in a small band around the frequency to the bandwidth as the bandwidth tends to zero. 2.39 Line Spectrum - A spectrum whose components occur at a number of discrete frequencies. 2.40 Continuous Spectrum - Spectrum whose components are continuously distributed over a frequency range. 3. VIBRATORY SYSTEMS

3.1 Vi?&atory System - A body or group of bodies'or a material medium which can vibrate with reference to an equilibrium position.
,
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3.2 Linear System -A

vibratory system for every element of which the response is proportional to the excitation. 3.3 Non-linear System -A vibratory not proportional to the excitation. system in which the response is

3.4 Continuous System (Distributed System) - A vibratory system that is considered to have an infinite number of possible independent displacements.
NOTE -Its configuration is specified by a function of a continuous- spatial variable or variaoles in contrast to a discrete or lumped parameter system which requires only a finite number of co-ordinate-s to specify its configuration.

3.5 Excitation (or Stimulus) (of a System) - An external force or other input applied to a system that causes the system to respond in some way.
phrases may be prefixed to indicate the hind of input NOTE -Modifying is being utilized, such as force-excitation, velocity-excitation, etc. that

3.6 Complex Excitation - An excitation a complex harmonic function of time.

which can be represented

by

motion or other output resulting 3.7 Response (of a System) -The from an excitation (or stimulus) under specified conditions.
phrases may be prefixed to indicate the kind of output NOTE -Modifying that is being utilized, such as displacement response, velocity response, etc.

3.3 Complex Response -The to a complex excitation.

steady state response in a linear system

periodic response of a mechanical 3.9 Sub-harmonic Response -The system exhibiting the characteristic of resonance at a frequency that is a submultiple of the frequency of the periodic excitation.
3.10 Sensitivity (of a System) -Ratio (or stimulus) under specified conditions. of the response to excitation

vibratory state in which the 3.11 Free Vibration (of a System) -The frequency (or frequencies) of vibration of the system depend solely upon the system and independent of the source setting the system into vibration [see 3.10 of IS: 1885(Part I)-19611. 3.12 Fqrced Vibration (of a System) -The vibratory state of the ;$;rn m the presence of an excitmg source [see 3.8 of IS: 1885(Part I)NOTE - The frequency component(s) of the system will contain (or frequencies) of the exciting source. ,+ the frequency
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3.13 Self-Induced Vibration (of a System) -The vibratory state of the system which results from conversion, within the system, of nonescillatory excitation to oscillatory excitation. 3.14 Damped Vibration (of a System) - The vibratory state of the system in which successive maxima of the vibrating quantity form a decreasing sequence. 3.15 Steady State Vibration (of a System) -The vibratory state of the system in which the vibrating parameters of the system execute periodic vibrations. 3.16 Transient Vibration (of a System) system which is not in a steady state. -The vibratory state of the -The fre-

3.17 Natural Frequency (or Frequencies) (of a System) quency (or frequencies) of free vibration(s) of the system.

3.18 Natural Period (of a System) - The period of vibration of the system when vibrating in its lowest natural frequency. 3.19 Resonance (of a System) - The state of a system under forced vibration, when any small variation in the frequency of excitation causes the response `kf the system to decrease [see 3.29 of IS: 1885(Part I)-19611.
NOTE -Modifying phrases may be prefixed to indicate the kind of resonance, such as velocity resonance, displacement resonance.

3.20 Resonance Frequency (of a System) resonance occurs in a system.

-The

frequency at which

3.21 Anti-resonance (of a System) - The state of a system under forced vibration, when any small variation in the frequency of excitation causes the response of the system to increase.
NOTE - Modifying phrases may be prefixed to indicate the kind of anti-resonance, such as velocity anti-resonance, displacement anti-resonance.

3.22 Anti-resonance which anti-resonance

Frequency (of a System) occurs in a system.

-

The frequency at

-The 3.23 Attenuation quantities characteristic (Part I)-19611.
NOTE -

progressive diminution in space of certain of a propagation phenomena [see 4.1 of IS: 1885

It is a measure of dissipation of energy with distance.

3.24 Damping - The quantities characteristic
NOTE -

progressive diminution with time of certain of a phenomena [see 4.4 of IS : lB5(Part I)-19611.
of dissipation of energy with time.

It is a measure

9
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3.25 Logarithmic Decrement (of a System) - The napierin logarithm of the ratio between the amplitude of successive oscillations of the same sign [see 4.12 of IS: 1885(Part I)-19611. 3.26 Damping Coefficient - The logarithmic decrement divided by the interval of time between two successive maxima of the same sign [see 4.5 of IS: 1885(Part I)-19611. 3.27 WSCOUS Damping (or Linear Damping) - The damping that occurs when a particle in a vibrating system is resisted by a force whose magnitude is proportional to that of velocity of the particle, and whose direction is opposite to the direction of motion of the particle. 3.28 Equivalent Viscous Damping-A value of viscous damping assumed for the purpose of analysis of a vibratory motion, such that the dissipation of energy per cycle at resonance is the same as that for the actual damping force. 3.29 Coulomb Damping (or Drjr Friction Damping) - The damping that occurs when a particle in a vibratory system is resisted by a force whose magnitude is a constant independent of displacement and velocity of the particle, and whose direction is opposite to the direction of motion of the particle. 3.30 Non-linear Damping - The damping due to a damping force that is not proportional to velocity. 3.31 Critical Damping - The damping which corresponds with the limiting conditions between an oscillatory (vibrating) and an aperiodic state [see 4.3 of IS: 1885(Part I)-19611. 3.32 Damping Ratio-The critical damping coefficient. ratio of actual damping coefficient to the

3.33 Quality Factor-A measure of the sharpness of resonance or frequency selectivity of a resonant vibratory system having a single degree of freedom.
NOTE - It is equal to 2x times the ratio of the total energy of the system to the power loss per cycle: it is also equal to x times the reciprocal of the logarithmic decrement.

3.34 Degrees of Freedom (of a Mechanical System) - The minimum number of independent generalized coordinates required to specify the configuration of the system at any instant of time.
NOTE 1 - In general, it is equal to the number of independent generalized displacements that are possible. NOTE 2 -Single degree of freedom system is one for which only one coordinate is required to define completely the configuration of the system at any instant. -NOTE 3 -Multiple degree of freedom system is one for which two or more + coordinates are required to define completely the configuration of the system at &y instant.

,
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IS : 1885 (Part III/Set 1) - 1965 3.35 Characteristic Mode of Vibration - A characteristic distribution of vibration amplitudes among the parts of a system, each part of which is vibrating freely at the same frequency.
NOTE 1 --Vibration

of the undamped system.

in a characteristic

mode modes is used

occurs may

at a natural exist

frequency in a term

NOTE 2 -Two or more characteristic multiple-degree of freedom system. NOTE 3 ckaractevistic The
mode.

concurrently with the

term

normal

mode

synonymnusly

3.36 Fundamental Mode of Vibration the lowest natural frequency.

The mode of vibration

having

3.37 Model Numbers - A set of ordered integers the characteristic mode of vibration.

which characterizes

3.38 Coupled Modes of Vibration-Modes of vibration that are not independent but which influence one another because of energy transfer from one mode to another. 3.39 Transmissibility - The non-dimensional ratio of the response amplitude of system in steady state forced vibration to the excitation amplitude. The ratio may be one of forces, displacements, velocities or accelerations. ' 3.40 Isolation - .A reduction in the Eapacity of a system to respond to an excitation attained by the use of a resilient support. In steady-state forced vibration, isolatiorl is expressed quantitatively as the complement of transmissibility. 3.41 Vibration Isolator - A resilient system from steady-state excitation. support that tends to isolate a

3.42 Dynamic Vibration Absorber (Tuned Damper) - A device for reducing vibration of a primary system by the transfer of energy to an auxiliary resonant system which is tuned to the frequency of the vibration. The force excited by the auxiliary system is opposite in phase to the force acting on the primary system. 3.43 Mechanical Shock - A disturbance which results in significant change in the position of a system in a relatively short interval of time in a non-periodic manner. 3.44 Applied Shock (Shock Excitation) -Any excitation applied to a system, would produce mechanical shock. 3.45 Velocity Shock -A mechanical shock resulting latory change in velocity of an entire system. which, if

from a non-oscil-

3.46 Shock Spectrum -A plot of the maximum a&eleration experienced by a single-degree-of-freedom system as a function of its own natural frequency in response to an applied shock. 11

IS: 1885 (Part III/Set 1) - 1965 3.47 Shock Pulse-A substantial disturbance characterized by a rise and decay of acceleration from a constant value in a short period of time.
NOTE - Shock pulses are normally displayed graphically as curves of acceleration as a function of time.

3.48 Duration of Shock Pulse-The time required for the acceleration of the pulse to rise from some stated fraction of the.maximum amplitude and to decay to this value. 3.49 Pulse Rise Time-The interval of time required for the leading edge of a pulse to rise from sortie specified small fraction to some specified large fraction of the maximum value. 4. PARAMETERS OF LINEAR SYSTEMS

4.1 CompIex System-Parameter - A complex quant;lty which is equal to or is derived from the ratio of a complex excitation to a complex response.
NOTE 1 - Since the moduli of both excitations and responses are independent of the time and their arguments are equal, all ratios are independent of the time. NOTE 2 Electrical impedance is an example of a complex system-parameter.

4.2 Impedance Analogy (Classical Analogy) - An analogy in which some of the quantities in the following groups are considered as analogous: a) Mechanical, b) Force across, across ; c) Velocity through, rotational, torque acoustic and electrical impedances; across, sound pressure across, and voltage through, volume velocity in

through, angular velocity and current through.

analogy in which some of the quantities 4.3 Mobility Analogy-An the following groups are considered as analogous: a) mechanical, rotational, b) velocity across, angular velocity and voltage across; and across, volume velocity

acoustic mobilities and electric impedance; across

c) force through, torque through, sound pressure through and current through. 4.4 Mechanical (Linear) Impedance - The complex representation of total force of a mechanical system divided by the complex representation of average particle velocity in the direction of the force.
NOTE 1 - If the force and velocity are measured at the same point or surface, `tl& ratio is designated driving-point impedance; if they are measured at different points or surfaces, the ratio is designated transfer impedance.
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NOTE 2 - Impedances having resistance components which are equal and reactance components which are equal in magnitude but opposite in sign are called conjugate impedances. Conjugate impedances are expressible by conjugate complex quantities.

4.5 Mechanical 4.6 Mechanical 1 impeaance. 8

Resistance Reactance

--.The The

real part of mechanical imaginary (Mobility) part of

impedance. mechanical of the

4.7 Mechanical (Linear) mechanical impedance.

Admittance

Reciprocal

NOTE -- The term mobility is used synonymously

with driving-point

admittance.

4.8 Acoustic Impedance - The complex representation of average sound pressure at a vibrating surface divided by the complex representation of volume velocity at that surface. 4.9 Specific Acoustic Impedance - The complex representation of sound pressure at a point in a sound wave divided by the complex representation of particle velocity at that point.
NOTE - The relation between mechanical (Z,) and specific acoustic impedance (Z,) .S being the area of the surface considered: impedance (Z,), acoustic impedance is given by the following formula?,

.
Za=
Zm=

2,

and

sxzs
impedance.

4.10 Acoustic 4.11 Specific impedance. 4.12 Acoustic 4.13 Specific impedance. 4.14 Acoustic pedance.

Resistance Acoustic Reactance Acoustic

-

The real part of acoustic

Resistance -

A The real part of specific acoustic part vf acoustic impedance.

Imaginary -

Reactance

Imaginary -

part of specific acoustic of acoustic im-

Admittance

(Mobility)

Reciprocal -

4.15 Specific Acoustic acoustic impedance.

Admittance

(Mobility)

Reciprocal

of specific

4.16 Characteristic Impedance (Intrinsic Impedance) - The specific acoustic impedance at a point in a progressive plane wave propagated in the medium.
NOTE 1 - The characteristic impedance ah& the speed of sound in the medium. is equal to the product of the density'

13
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impedance of an acoustic medium is analogous of an infinitely long transmission line.

NOTE 2 - The characteristic tq the characteristic impedance

4.17 Acoustic Inertance (Acoustic Mass) - Quantity which, when multiplied by 2x times the frequency, gives the acoustic reactance occurring in the expression for the kinetic energy of the medium. 4.18 Acoustic Stiffness-Quantity which, when divided by 2x times the frequency, gives the acoustic reactance occurring in the expression for the potential energy of the medium. 4.19 Acoustic 5. SOUND Compliance The reciprocal of acoustic stiffness.

WAVES

5.1 Sound Wave-Mechanical disturbance propagated in an elastic ;be6:lj,m having the characteristics of sougd [see 4.28 of IS: 1885(Part I)5.2 Longitudinal Wave - A wave in which the direction of the particle displacement at each point of the medium is along the direction of propagation at that point. [see 4.13 of IS: 1885(Part I)-19611.
NOTE - By a particle of a medium is meant an element or volume, small compared to the wave-length of the sound but still consisting of large enough number of molecules so that their average displacement, velocity, etc, due to thermal agitation vanish at all times.

5.3 Transverse Wave-A wave in which the direction of the particle displacement at each point of the medium is perpendicular.to the direction of propagation at that point. 5.4 Plane Polarized Sound Wave (Linearly Polarized Sound Wave) A, transverse wave in an elastic medium in which the displacement vector, at any point lies at all times in a fixed plane which is parallel to the direction of propagation.
NOTE - In a plane polarized sound wave, the displacement point lies in a fixed straight line passing through the point. vector af any

5.5 Elliptically Polarized Sound Wave-A transverse wave in an elastic medium in which the displacement vector at any point rotates about the point and has a magnitude which varies as the radius-vector of an ellipse.
NOTE - An elliptically polarized sound wave is equivalent to two superposed plane polarized waves of sinusoidal form in which the displacements lie in perpendicular plane and are in quadrature.

5.6 Circularly Polarized Sound Wave - A transverse wave in an elastic medium `in which the displacement vector at any point rotates about the point &ith constatit adgular velocity and has a constafit magnitude.

IS : 1885 (Part III/Set 1) - 1965
NOTE A circularly polarized sound wave is equivalent to two superposed plane polarized waves of sinusoidal form in which the displacements have the same amplitude, he in perpendicular plane and are in quadrature.

5.7 Shear Wave (Rotational Wave) - A wave in an elastic medium which causes an element of the medium to change its shape without a change of volume.
NOTE A shear plane wave in an isotropic medium is a transverse wave.

5.8 Compressional Wave - A wave in an elastic medium which causes an element of the medium to change its volume without undergoing rotation.
NOTE A comprejsional wave in an isotropic medium is a longitudinal wave.

5.9 Rayleigh Wave (Surface Wave) - A wave over the free boundary surface of a solid in which each surface particle describes an elliptical orbit with its major axis normal to the surface and with its centre on the undisturbed surface. 5.10 Wave-Front (of a Progressive Periodic Wave) -The loci of all points for which the phase of the disturbance is the same at any instant [see 4.29 of IS : 1885(Part I)-19611
NOTE 1 NOTE line. 2The wave-front The wave-front of a progressive of a progressive wave in space is a continuous surface. surface wave in space is a continuous

5.11 Wave-Form (at a Point in a Medium) -The successive values of a varying quantity. 5.12 Plane Wave-A wave in which the wave-fronts *parallel planes normal to the direction of propagation. 5.13 Spherical spheres. 5.14 Cylindrical cylinders. Wave-A Wave -

representation of are every where

wave in which the wave-fronts are concentric A wave in whidh the wave-fronts are coaxial

5.15 Free Progressive Wave (Free Wave) - A wave in a homogeneous medium not influenced by the boundary effects of the medium [see 4.29 of IS : 1885(Part I)-19611. 5.16 Wave-Length of a Periodic Wave-The distance between two successive points of a periodic wave in the direction of propagation, in which the oscillation (or vibration) has the same phase [see 4.30 of IS: 1885 {Part I)-1961].
NOTE 1 - It is measured as the perpendicular fronts in which the phases differ by one complete NoTE 2 -The frequency. wave-length is equal to the distance period. phase between two waveby the

velocity

divided

15
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5.17 Phase Velocity (or Wave Velocity) pf a Progressive Periodic Wave in an Isotropic Medium-The velocity with which a point (or a line or surface) of a given phase advances in the direction of propagation of the wave [see 4.15 of IS: 1885 (Part I)-1961j. 5.18 Group Velocity -The velocity of displacement of beats produced by the superposition of two or more plane sinusoidal waves of slightIy different frequencies, propagated freely in the same direction. The group velocity is equal to the differential coefficient of the frequency with respect to the reciprocal of the wave-length [see 4.11 of IS: 1885(Part I)-1961].
NOTE -Group velocity is the velocity, in the direction of propagation, of some characteristic feature associated with a group of waves, such as maximum amplitude, envelope, energy, etc.

5.19 Dispersive Medium with the frequency. 5.20 Particle Velocity
total component of the

-

A medium in which the phase velocity varies

(at a Point in a Sound Field) - The alternating velocity of movement of the medium at the point, that is, the total velocity minus any velocity which is not. due to sound. 5.21 Volume Velocity - The rate of alternating flow of the medium through a specified surface due to sound wave.
NOTE Expressed mathematically, Volume velocity V =

Js

vda

where ZJ = s = component of particle velocity normal to the element of surl face da and surface through which the medium is cscillating and over.which the integration is performed.

5.22 Sianding Wave - A state of vibration in which oscillatory phenomena at all points are governed by the same time function with the exception of a numerical factor, varying from one point to another [see 4.24 of IS; 1885(Part I)-19611.
NOTE-Standing progressive waves directions. waves may be represented as the result of interference of of the same frequency and kind, and travelling in opposite

5.23 Stationary Wave-A is zero at all points.

standing wave in which the net energy flux

5.24 Standing Wave Ratio - In a standing wave, the ratio of the difference between the maximum and minimum amplitudes to the sum of the maximum and minimum amplitudes. 16
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wave when some pressure, particle,

NOTE --Appropriate modifier should be used before the word node to signify the type that is intended, for example, displacement UO~E.velocity node, pressure node.

5.26 Partial Node - A point or line or surface in a standing wave where some specified characteristic of the wave (for example, sound pressure, particle displacement, particle velocity, etc) has a minimum value which is not zero.
NOTE - Appropriate modifier should be used with the term partial nodr, to signify the type that is intended: for example, displacement partial node, velocity partial node, pressure partial node.

5.27 Antinode (Loop) - A point or line or surface in a standing where some specified characteristic of the wave (for example, sound sure, particle velocity, etc) has a maximum amplitude.

wave pres-

NOTE-Appropriate modifier should be used before the word antinode to signify the type that is intended; for example, displacement antinode, velocity antinode, pressure antinode.

5.28 Static Pressure (at a Point in a Medium) - The pressure would exist at that point in the absence of sound waves. 5.29 Instantaneous Difference between static pressure. Sound Pressure the pressure existing (at a Point at the instant

that

in a Medium) considered and the the maxiinterval.

5.30 Peak Sound Pressure - For any specified time interval, mum absolute valueaf the instantaneous sound pressure in that

NOTE - In the case of a periodic wave, if the time interval considered is one complete period, the peak sound pressure is known as the maximum sound pressure.

5.31 Acoustic Radiation Pressure - An unidirectional, pressure exerted upon a surface exposed to an acoustic wave. to strea,ming are excluded. 5.32 Sound Energy (of a Given Volume) volume of the medium associated with the sound

steady-state Forces due

The energy in a given wave at any instant. of the to the rate of

5.33 Sound Energy Density (at a Point) - The limiting value ratio of the energy in an elemental volume surrounding the point volume .as it approaches zero. 5.34 Sound Energy flow of sound energy
NQTE

Flux (Through a Surface) through the surface.
the averaging

-The

average

wave:

1 -- If the wave is periodic,

is done over a period of the

17
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in character, the averaging

NOTE 2 - If the wave is random and time invariant is done over a sufficiently long interval of time.

NOTE 3 - Sound energy flux through a surface is also equal to the product of the instantaneous sound pressure and the volume velocity across the surface under consideration.

5.35 Sound Intensit,y (at a Point in a Progressive Wave) - The limiting value of the ratio of the sound energy flux through an area surrounding the point normal to the direction of propagation, to the area as it approaches zero. 5.36 Sound Source - Any vibrating waves in a medium coupled to it. system capable of producing sound

5.37 Simple Sound Source - A sound source that radiates uniformly in all directions under free-field conditions.

sound waves

5.38 Strength of a Sound Source - The maximum instantaneous rate of volume displacement produced by the source when emitting a wave with sinusoidal time variation.
NOTE -The term is properly with respect to the wavelength. applicable only to sources of dimensions small

5.39 Sound Power of a Source the source per unit of time.

The total

sound

energy

radiated

by

NOTE 1 - If the sound wave is periodic, of the wave.

the averaging

is done over a period the

NOTE 2 -- If the sound wave is random and time invariant in character, averaging is done over a sufficiently IonE interval of time. '

5.40 Instantaneous Sound Power of a Source - The limiting value of the ratio of the total energy radiated over a small interval of time to the duration of the interval as the interval tends to zero. 6. TRANSMISSION AND PROPAGATIQN An assembly of elements of sound adopted elements waves.

6.1 Acoustic Transmission System for the transmission of sound.

6.2 Mechanical Transmission System - An assembly adopted for the transmission of mechanical disturbance. 6.3 Sound Field The region in a medium A sound containing

6.4 Free Sound isotropic medium

Field (Free Field) free from boundaries.

field in a homogeneous
are

NOTE-In practice it is a field in which n$igible over the region of interest.

the effects or the boundaries

18
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6.5 Doppler Effect-The phenomenon evidenced by the change in the observed frequency of a wave in a transmission system caused by a timerate of change in the effective length of the path of travel between the source and the point of observation. 6.6 Doppler Shift-The Doppler effect. 6.7 Acoustic efficient) Propagation change in the frequency Constant (Acoustic of a wave due to Propagation Co-

a) Of a Progressive Wave. in a Homogeneous Isotropic Medium or Uniform Transmission System - The natural logarithm of the complex patio of the steady-state particle velocities, volume velocities or pressures at two points separated by unit distance. b) Of a Periodic Structure - The natural logarithm of the complex ratio of the steady-state particle velocities, volume velocities or pressures at two corresponding points in successive sections. 6.8 Acoustic cient) -The Attenuation Constant (Acoustic Attenuation real part, of the acoustic propagation constant.
in amplitude per unit distance

CoefFior, for a

NOTE - It determines the diminution periodic structure, per section.

6.9 Acoustic Phase Constant-The propagation constant.
NOTE - It expresses structure, per section. the wave-length.

imaginary

part

of the acoustic

the phase change per unit distance or, for a periodic For a continuous medium, it is equal to 2x divided by

6.10 Acoustic

Dispersion

-

The change of speed of sound with frequency.

6.11 Acoustic Reflection - The process by which the normal component of the velocity of the sound wave is reversed by incidence on a boundary of the medium. 6.12 Acoustic Refraction - The process ty which the direction of sound propagation is changed due to spatial variation in the speed of sound in. the medium. - The process by which the wave-front of a 6.13 Acoustic Diffraction sound wave is changed in direction by an obstacle or other non-homogeneity in a medium, otherwise than by reflection or refraction. 6.14 &coustic Scattering - The irregular reflection, refraction or diffraction of a sound wave in many directions. -The phenomenon which results when waves 6.15 Wave Interference of the same or nearby the same frequency are superposed and is characterized by a spatial or temporal distribution of amplitude of same specified char&c@ristic differing from that of the individual superposed waves. 19
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6.16 Interference Pattern - The. space distribution of sound pressure or particles velocity resulting from the superposition of progressive soundwave of the same frequency. 6.17 Acoustic Streaming - Production or unidirectional in a fluid due to the presence of acoustic waves. flow currents

6.18 Transmission Loss-The decrease in power between two points in a transmission system, expressed in decibels. 6.19 Absorption Loss - That part of the transmission loss which is due to the dissipation or conversion of the sound energy into.other forms of energy (for example, heat), either within the medium or attendant upon a reflection. 6.20 Divergence Loss (Spreading Loss) -That part of the transmission loss which is due to the spreading of the sound energy in accordance with the geometry of the system (for example, a spherical wave emitted by a point source). 6.21 Refraction Loss - That part of the transmission loss which is due to refraction resulting from non-uniformity of the medium. 6.22 Scattering Loss-That part of the transmission loss which is due to scattering within the medium or due to the roughness of the reflecting surface. 6.23 Acoustic Scattering Cross-Section (of an Object) - An area equal to 4~ times the product of the mean-square sound pressure scattered by the object, averaged over a sphere of unit radius surrounding the object and the square of the unit radius, divided by the square of the sound pressure of the plane wave incident upon the object.
NOTE 1 -The unit of the cross-section is the square of the unit radius. NOTE 2 - Actual measurements should be made at a distance sufficiently great that the sound appears to be scatterin, 1' from a single point called acoustic centre.

6.24 Acoustic Back-Scattering Cross-Section (of an Object) - An area equal to 4x times the product of the mean-square sound pressure scattered by the object back in the direction from which the sound has come as observed at unit distance from the acoustic centre of the object and the square of the unit distance, divided by the square of the sound pressure of the plane wave incident upon the object.
NOTE 1 -The unit of the cross-section NOTE 2 -The scattering cross-section defined, the direction should be specified. is the square of the unit distance. for any other direction is similarly

6.25 Scattering Differential -The amount by which the level of the scattered mean-square sound pressure averaged over all directions at a ( ,t 20
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specified unit distance from the effective acoustic centre of the object exceeds the plane wave free-field pressure level of the sound incident upon the object.
NOTE 1 -The scattering differential is an average for all directions. The back-scattering differential or the scattering differential for any other specified direction is similarly defined, but with differences as specified in 6.24. For a perfectly scattering sphere, the scattering differential is equal to the back-scattering differential. NOTE 2 -If the scattering differential is a function of frequency or pulse length of the incident sound or of the orientation of the object, these factors should be specified.

7. ACOUSTIC

LEVELS of the ratio of a quantity
quantity

7.1 Level of a Quantity-The logarithm a specified reference value of that quantity.
NOTE -The base of the logarithm, ,level shall be specified.

to

the reference

and the kind of

7.2 Sound Power Level - Ten times the common (Briggsian) logarithm the ratio of a given sound power to a stated reference power.

of

7.3 Intensity Level (Sound-Energy Flux Density Level) - Ten times the common (Briggsian) logarithm of the ratio of a given sound to a stated reference intensity.
NOTE - In a free progressive plane dr spherical wave there is a known relation between sound intensity and sound pressure so.that sound intensity level can be :deduced from a measurement of sound pressure level. In general, however, there is no simple relation between the two, and a measurement of sound pressure level should not be reported as one of intensity level.

7.4 Sound Pressure Level -Twenty times the common (Briggsian) logarithm of the ratio of a given sound pressure to a stated reference pressure. .
NOTE 1 -Unless otherwise explicitly stated, it is to be understood sound pressure is the effective (rms) sound pressure. that the

NOTE 2 - It is to he noted that in many sound fields the sound pressure ratios are not the square roots of the corresponding power ratios.

7.5 Band Pressure Level - For a specifikd frequency band, the effective sound pressure level corresponding to the sound energy contained within the band. 7.6 Spectrum Pressure Level (Spectrum Density Level) - Band pressure level for a band-width of one cycle per second, centred at a specified frequency. 7.7 Soypd Level Under consideration. 21
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level

Level -

7.9 Peak Levi1 - The maximum a specified time interval.

level that
is to be

occurs
understood

during
unless

NOTE - In acoustics, peak sound pressure some other kind of level is specified.

7.10 Velocity Level - Twenty times the common (Briggsian) logarithm of the ratio of the particle velocity of the sound to the stated reference particle velocity. 7.11 Power Gain -The decibels exceeds the input amount by which the output power level in decibels.
(Briggsian)

power

level

in

NOTE - It is also equal to 10 times the common ratio of the output power to the input power.

logarithm

of the .

22
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Index numbers

are clause

A
Absorption loss 6.19 Acoustic 2.3 admittance 4.14 Specific 4.15 attenuation coefficient 6.8 constant 6.8 back-scattering cross-section (of an object) 6.24 compliance 4.19 diffraction 6.13 dispersion 6.10 impedance 4.8 Specific 4.9 inertance 4.17 levels 7 mass 4.17 mobility 4.14 Specific 4.15 phase constant 6.9 propagation coefficient 6.7 constant 6.7 radiation pressure 5.31 reactance 4.12 Specific 4.13 reflection 6.11 refraction 6.12 resistance 4.10 Specific 4.11 scattering 6.14 cross-section (of an object) 6.23 stiffness 4.18 streaming 6.17 transmission system 6.1 Acoustical 2.4 Acoustics 2.2 Admittance Acoustic 4.14 Specific 4.15 Linear 4.7 Mechanical 4.7 Ambient noise 2.34 Amplitude of simple harmonic quantity 2.21

A2nt;lar frequency (of a periodic quantity) Antinode 5.27 Anti-resonance (of a system) Aperiodic quantity 2.8 Applied shock 3.44 Attenuation 3.23 constant 6.8 Audio frequency 2.28 3.21

B Background noise 2.36 Back-scattering cross-section (of an object) Acoustic 6.24 . Band pressure level 7.5 Basic frequency (of a periodic quantity having sinusoidal components with different frequencies) 2.16 Beats 2.23

C Charactcristtc impedance 4;16 mode of vibration 3.35 CF;;lar frequency (of a periodic quantity) Circularly polarized sound wave 5.6 Classical analogy 4.2 Complex excitation 3.6 response 3.8 system-parameter 4.1 Compliance, Acoustic 4.19 Compressional wave 5.8 Constant, Acoustic propagation 6.7 Continuous spectrum 2.40 system 3.4 Coulomb damping 3.29 Critical damping 3.31 Cycle (of a periodic quantity) 2.11 Cylindrical wave 5.14

' , -_----..
*Rules for making alphabetical indexes.
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D Damped vibration (of a system) 3.14 Damping coefficient 3.26 Coulomb 3.29 Critical 3.31 Dry friction 3.29 Linear 3.27 Non-linear 3.30 ratio 3.32 Viscous 3.27 Equivalent 3.28 Decrement, Logarithmic 3.25 Degrees of freedom (of a mechanical system) 3.34 Differential, Scattering 6.25 Dispersive medium 5.19 Distributed system 3.4 Divergence loss 6.20 Doppler effect 6.5 shift 6.6 Dry friction damping 3.29 Duration of shock pulse 3.48 Dynamic vibration absorber 3.42 E Effective value of a periodic quantity 2.20 Elliptically polarized sound wave 5.5 Equivalent viscous damping 3.28 Excitation Complex 3.6 of a system 3.5 F Field Sound 6.3 Free 6.4 Forced vibration (of a system) 3.12 Free field 6.4 progressive' wave 5.15 sound field 6.4 vibration (of a system) 3.11 wave 5.15 Frequency Angular (of a periodic quantity) 2.17 Anti-resonance (of a system) 3.22 Basic (of a periodic quantity) 2.16 Circular (of a periodic quantity) 2.17 Infrasonic 2.30 Natural (of a system) 3.17 Reson(ance (of a system) 3.20 Ultrasonic 2.29 Fundamental frequency (of a periodic quantity) mode of vibration 3.36

2.13

G Group velocity 5.18

H Harmonic (of a periodic quantity) 2.14

I Impedance Acoustic 4.8 analogy 4.2 Characteristic 4.16 Intrinsic 4.16 Linear 4.4 Mechanical 4.4 Specific acoustic 4.9 Inertance, Acoustic 4.17 Infrasonic frequency 2.30 Instantaneous sound power of a source 5.40 sound pressure (at a point in a medium) 5.29 Intensity level 7.3 Sound 5.35 Interference pattern 6.16 Intrinsic impedance 4.16 Isolation 3.40

L Level Band pressure 7.5 Intensity 7.3 Noise 7.8 of a quantity 7.1 Peak 7.9 Sound power 7.2 pressure 7.4 Spectrum density 7.6 pressure 7.6 Velocity 7.10 Levels, Acoustic 7

24
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Linear admittance 4.7 damping 3.27 impedance 4.4 Linearly polarized sound wave 5.4 Line spectrum 2.39 Logarithmic decrement (of a system) 3.25 Longitudinal wave 5.2 Loop 5.27
LOSS
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P

Absorption 6.19 Divergence 6.20 Refraction 6.21 Scattering 6.22 Spreading 6.20 Transmission 6.18

M
Mass, Acoustic 4.17 Mechanical admittance 4.7 impedance .4.4 mobility 4.7 reactance 4.6 resistance 4.5 shock 3.43 transmission system 6.2 Medium, bispersive 5.19 Mobility Acoustic 4.14 Mechanical 4.7 Specific acoustic 4.15 N Natural frequency (of a system) 3.17 period (of a system) 3.18 Node 5.25 Anti 5.27 Partial 5.26 Noise Ambient 2.34 Background 2.36 level 7.8 Random 2.32 System 2.35 White 2.33 Non-linear damping 3.30 system 3.3 0 Oscillation, 2.24

Parameter Complex system 4.1 of linear systems 4 Partial node 5.26 Particle velocity (at a point in a sound field) 5.20 Peak level 7.9 sound pressure 5.30 to-peak value of a periodic quantity 2.19 value (of a periodic quantity) 2.18 Periodic quantity .Angular frequency of 2.17 Basic frequency of 2.16 Cycle of 2.11 Effective value of 2.20 Frequency of 2.12 Fundamental 2.13 Harmonic of 2.14 Peak-to-peak value of 2.19 Peak value of 2.18 Period of 2.10 Phase of 2.22 RMS value of 2.20 Sub-harmonic of 2.15 phriif (of a periodic quantity) 2.10 of a periodic quantity 2.22 velocity of a progressive periodic wave in an isotropic medium 5.17 Plane polarized sound wave 5.4 wave 5.12 Power gain 7.11 level. Sound 7.2 of a-source, Sound 5.39 Pressure Acoustic radiation 5.31 Instantaneous sound 5.29 level Band 7.5 Sound 7.4 Spectrum 7.6 Peak sound 5.30 Static (at a point) 5.28 Progressive wave Free 5.15 Propagation constant, acoustic 6.7 Pulse rise time 3.49 Shock 3.47 Duration of 3.48

25
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Quality factor 3.33 Quantity Aperiodic 2.8 Periodic 2.7 Simple harmonic 2.9
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Bux (through a surface) 5.34 $6a3given volume) 5.32 Free 6.4 intensity (at a point in a progressive wave) 5.35 power level 7.2 of a source 5.39 Instantaneous 5.40 pressure Instantaneous 5.29 level 7.4 Peak 5.30 source 5.36 Simple 5.37 Strength of a 5.38 spectrum 2.37 wave 5.1 Circularly polarized 5.6 Elliptically polarized 5.5 Linearly polarized 5.4 Plane polarized 5.4 Source Sound 5.36 power of a 5.39 Simple 5.37 Specific acoustic admittance 4.15 impedance 4.9 mobility 4.15 reactance 4.13 resistance 4.11 Spectrum Continuous 2.40 density at a frequency 2.38 level 7.6 Line 2.39 pressure level 7.6 Shock 3.46 Sound 2.37 Spherical wave 5.13 Spreading loss 6.20 Standing wave 5.22 ratio 5.24 Steady state vibration (of a system) 3.15 Stiffness, Acoustic 4.18 Strength of a sound source 5.38 Sub-harmonic (of a periodic quantity) 2.15 response 3.9 Surface wave 5.9 System Acoustic transmission 6.1 Anti-resonance of a 3.21 Anti-resonance frequency of a 3.22 Continuous 3.4 Damped vibration of a 3.14

R
Random noise 2.32 Rayleigh wave 5.9 Reactance Acoustic 4.12 Specific 4.13 Mechanical 4.6 Refraction loss 6.21 Resonance frequency (of a system) 3.20 (of a system) 3.19 Response (of a system) 3.7 Rise time, Pulse 3.49 RMS value of a periodic quantity Rotational wave 5.7 S Scattering cross-s&ion (of an object), Acoustic 6.23 differential 6.25 loss 6.22 Self-induced vibration (of a system) 3.13 Sensitivitv (of a svstem) 3.10 Shear wave`5.7 ' ' Shock Applied 3.44 excitation 3.44 Mechanical 3.43 pulse 3.47 Duration of 3.48 spectrum 3.46 Velocity 3.45 Signal 2.5 Simple harmonic motion 2.27 oscillation 2.26 quantity 2.9 Amplitude of 2.21 vibration 2.26 sound source 5.37 Sonic 2.6 Sound energy density (at a point) 5.33

2.20

' ,
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System (Contd) Distributed 3.4 Forced vibration of a 3.12 Free vibration of a 3.11 Linear, Parameter of a 4 Logarithmic decrement of a 3.25 Mechanical transmission 6.2 Natural period of a 3.18 noise 2.35 Non-linear 3.3 Parameter, Complex 4.1 Resonance of a 3.19 Resonance frequency of a 3.20 Response of a 3.7 Self-induced vibration of a 3.13 Sensitivity of a 3.10 Steady state vibration of a 3.15 Transient vibration of a 3.16 Vibratory 3.1
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Vibration 2.25 absorber, Dynamic 3.42 Characteristic mode of 3.35 Coupled modes of 3.38 Damped (of a system) 3.14 Forced (of a system) 3.12 Free (of a system) 3.11 Fundamental mode of 3.36 isolator 3.41 Self-induced (of a system) 3.13 Simple harmonic 2.26 Steady state (of a system) 3.15 Transient (of a system) 3.16 Vibratory system 3.1 Viscous damping 3.27 Eauivalent 3.28 . Volume velocity 5.21 W

T Transient vibration (of a system) 3.16 Transmissibility 3.39 Transmission loss 6.18 system Acoustic 6.1 Mechanical 6.2 Transverse wave 5.3 Tuned damper 3.42

U Ultrasonic frequency 2.29

V Velocity Group 5.18 level 7.10 Particle 5.20 Phase 5.17 shock 3.45 Volume 5.21 Wave 5.17

Wave Comprcssional .5.8 Cylindrical 5.14 form (at a point in a medium) Free 5.15 progressive 5.15 front (of a progressive periodic 5.10 / - _. interference 6.15 length of a periodic wave 5.16 Longitudinal 5.2 Plane 5.12 Rayleigh 5.9 Rotational 5.7 Shear 5.7 Sound 5.1 Circularly polarized 5.6 Elliptically polarized 5.5 Linearly polarized 5.4 Plane polarized 5.4 Spherical 5.13 Standing 5.22 Ratio 5.24 Stationary 5.23 Surface 5.9 Transverse 5.3 Velocity 5.17 White noise 2.33

5.11 wave)
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